Introduction
Chronic obstructive pulmonary disease (COPD) is a significant cause of morbidity and mortality, and its prevalence is predicted to rise with an aging population. 1 Handheld inhalers are often used to treat COPD and deliver drug directly into the airways. Targeted delivery achieves higher concentrations at the site of action while minimizing the risks of systemic side effects. 2, 3 Data suggest that 50%-80% of patients are not using their inhaler correctly, possibly leading to suboptimal disease control, increased risk of exacerbations and
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riley et al hospitalization, and rising health care costs. 3 Furthermore, therapeutic management of COPD often involves the use of multiple inhalers, and this increased complexity in treatment regimen decreases medication compliance, increasing the risk of poor disease management. 3 In order to maximize adherence and treat COPD effectively, patient acceptance and ability to use their inhalers is a major factor. 4 In developing new treatments for COPD, assessment of ease of use and patient preference for any new inhaler is important. 5 Coformulation of treatments, to allow simultaneous delivery, reduces the number of inhalers required, simplifies treatment, and has been employed to address adherence issues. 6 However, coformulation can be challenging with the potential for physicochemical interactions between drug entities. 7 The Ellipta™ dry powder inhaler (DPI) contains two blister strips from which inhalation powders are delivered, enabling simultaneous delivery of two compounds without the need for coformulation. The Ellipta™ DPI inhaler design incorporated patient input in order to optimize patient handling and ease of use, with an overall aim of increasing patient compliance. 8 This inhaler has been used in a series of clinical studies to deliver dual therapy of fluticasone furoate (FF)/vilanterol (VI) to patients with asthma (HZA106827; NCT01165138), 9 and COPD; [10] [11] [12] [13] and umeclidinium bromide (UMEC) and VI dual therapy or component monotherapies to patients with COPD. [14] [15] [16] [17] [18] High patient satisfaction was reported following FF/VI delivery via the Ellipta™ DPI in asthma and COPD, with both patient populations indicating a preference over their currently prescribed inhaler. 19 This article describes the exploratory outcomes of the use of the Ellipta™ DPI during two 3-month double-blind, placebo-controlled Phase III trials of UMEC/VI, UMEC, VI, or placebo (all delivered by the Ellipta™ DPI). In these studies, correct usage and ease of use of the Ellipta™ DPI were assessed. 20 Data from three 6-month double-dummy, active comparator trials (two Phase IIIa and one Phase IIIb trials) including UMEC/VI, UMEC, or VI (all delivered via the Ellipta™ DPI) and tiotropium (TIO; delivered by HandiHaler ® ) are also reported. In these studies, COPD patient preference for the Ellipta™ DPI or HandiHaler ® was assessed.
17,21
Methods
study designs
In all the five studies, treatment compliance with the Ellipta™ DPI was monitored using the inhaler dose counter. In the three active comparator studies, treatment compliance with the HandiHaler ® was assessed by counting capsules returned.
The study protocol and written informed consent form were reviewed and approved by the Chesapeake Institutional Review Board, as well as each relevant national, regional, or independent ethics committee or institutional review board, in accordance with Good Clinical Practice and the principles of the Declaration of Helsinki, with written informed consent obtained from all patients.
Three-month placebo-controlled studies 17, 21 During the studies, each patient used both inhalers daily, with one containing active treatment and the other placebo, depending on randomization. Since all the patients were using both inhalers throughout, it was possible to measure preference. The blinding process in these studies is described in the Supplementary materials; this did not affect the attributes 
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Use of ellipta™ DPI to deliver UMeC/VI in COPD tested by the CDPQ, although one question was removed as a result of the blinding process. The CDPQ was also used at Day 168 or early withdraw visit to assess inhaler preference in an additional 6- Correct DPI usage and ease of use were assessed in the first treatment period of these crossover studies. At randomization (Day 1) and Day 2, patients were trained in the correct use of the Ellipta™ DPI using the instructions provided in the patient information leaflet. Placebo inhalers were used for demonstration purposes in the training. Correct use of the Ellipta™ DPI involved three steps: 1) open the inhaler; 2) inhale the dose; and 3) close the inhaler.
Following a demonstration of correct use by study staff, the patient's competence was assessed using a placebo inhaler. If the patient did not use the inhaler correctly, further instructions were given before assessing patient competence again. The inhaler demonstration was repeated up to three times on both the occasions until the patient could use the inhaler correctly. Patients who were not able to use the inhaler correctly after three demonstrations at randomization were ineligible to enter the study. Correct inhaler use was reassessed at Day 43 (after 6 weeks of treatment) using the demonstration inhaler, without further verbal instruction or demonstration. If the patient did not perform the maneuvers correctly at the 6-week visit, the procedure was demonstrated once again. At each assessment visit, the number of times the patient required additional instruction was recorded. The person providing training and assessing correct use of the inhaler was the same individual, where possible, for each patient. After 6 weeks of treatment, patients were asked to rate the ease of use of the inhaler by answering two questions: 1) How do you rate the ease of use of the inhaler? 2) How easily are you able to tell how many doses of medication are left in the inhaler? For each of the questions, answers were recorded using a 5-point difficulty scale: 1) very easy, 2) easy, 3) neutral, 4) difficult, and 5) very difficult.
CDPQ development
Prior to the active comparator studies, the CDPQ was developed and validated by RTI Health Solutions in collaboration with GlaxoSmithKline. 22 Although it was not formally assessed or validated in any of the three active comparator phase III studies described, the CDPQ was used as a tool in these studies to assess inhaler preference among patients. A pool of potential questions for inclusion in the CDPQ was developed from market research with patients with COPD currently using inhaled therapy and with physician experts currently prescribing inhalers. Questions were based on the important characteristics of COPD inhalers identified by patients and physicians. Having recognized that "ease of use" was an important feature, a question format for the draft item set of the CDPQ was developed to assess inhaler preference based on this aspect. Questions relating to specific aspects of "ease of use" that could be affected by the overlabeling used in the blinding process were not included in the draft CDPQ. To refine and assess content validity, the draft CDPQ was then tested in 16 iterative cognitive interviews with adult patients with COPD. 22 To assist understanding, patients were able to handle a placebo Ellipta™ DPI inhaler during the interviews, and all recruited patients were already being treated with, and hence were familiar with, the HandiHaler ® . Participants in the first round of interviews (n=8) provided feedback on their preferred phrasing of the draft CDPQ. The CDPQ was then modified based on these responses, and a second round of interviews (n=8) was conducted during which participants assessed the modified CDPQ and provided additional input to confirm the content validity of the final version (shown in the Supplementary materials). 22 The results of these interviews supported the content validity of the CDPQ, providing evidence that the measure adequately and appropriately assessed COPD DPI inhaler preference related to the most important ease of use concepts from the patient perspective. The second round of interviews also confirmed that the final wording of the instructions, the items, and their questionnaire responses were well understood by the patients with COPD providing evidence that the questionnaire adequately and appropriately assessed COPD DPI inhaler preference relating to ease of use. 22 Inhaler preference using the CDPQ (active comparator studies)
The CDPQ was used on Day 168 (Week 24) or early withdrawal visit to assess inhaler preference in the three active comparator studies and consisted of three items that asked patients about their inhaler preference in terms of "number of steps," "time needed," and "ease of use." Choices of response included: preference for the Ellipta™ DPI, preference for HandiHaler ® , or no preference. The data presented here were prespecified as exploratory endpoints in each of the individual studies. For the purpose of this manuscript, the data were combined post hoc across the 3-month placebo-controlled studies and across the Phase IIIa active comparator studies, and all data were summarized descriptively. The Phase IIIb active comparator study was not integrated with the Phase IIIa studies because of being performed in a different timeframe and having a simplified study design compared with the Phase IIIa studies. No formal statistical analyses were performed. Unless otherwise stated, all summaries used the intent-to-treat population (all randomized patients that took $1 dose of study medication).
Results
Patient demographics
Patient demographics were similar between the two 3-month placebo-controlled studies; 20 demographics were also comparable between the two Phase IIIa active comparator studies 17 and between treatment groups in the Phase IIIb active comparator study. 21 
Treatment compliance
Treatment compliance for the 3-month placebo-controlled studies and overall treatment compliance across the three active-comparator studies was high, with $84% patients being $95% (and #105%) compliant with study medication (Tables 1, 2 , and S1).
Correct use, ease of use, and remaining dose determination (3-month placebocontrolled studies)
Following the initial instruction on how to use the Ellipta™ DPI inhaler in each of the two 3-month placebo-controlled studies, of the 632 patients who took part in the study, 618 (98%) used the Ellipta™ DPI correctly at randomization on Day 1 (Table 3 ). In total (both studies combined), 14 (2%) patients required additional demonstration; of these, two patients required two additional demonstrations. Only one enrolled patient was excluded at randomization for failure of proper inhaler use (NCT01323660). When inhaler usage was reassessed at 6 weeks, 99% patients remaining in the study were using their Ellipta™ DPI correctly (Table 3) . After 6 weeks, 99% of patients reported that they found the inhaler easy or very easy to use and 99% also reported that they found the dose counter easy or very easy to read ( Table 3 ). Less than 1% of patients reported that they found the Ellipta™ DPI difficult to use, and no patients found the Ellipta™ DPI very difficult to use.
Inhaler preference (active comparator studies)
In the combined analyses from the two Phase IIIa active comparator studies, patients declared a preference for the Ellipta™ DPI compared with the HandiHaler ® in relation to the number of steps to use (59% vs 17%), time taken to use (62% vs 14%) and ease of use (63% vs 15%), although 22%-24% of all patients declared no preference for either inhaler (Table 4) . Results were similar in the Phase IIIb active comparator study (Table S2) . These results were consistent regardless of which inhaler contained active drug in all three active comparator studies (Tables 4 and S2) .
Discussion
This article describes the exploratory outcomes of Ellipta™ DPI usage, ease of use, and inhaler preference during five large Phase III trials of UMEC/VI in patients with COPD.
In the 3-month placebo-controlled studies, following a simple training regime, the majority (98%) of patients demonstrated good technique using the Ellipta™ DPI after one attempt, with only 2% requiring further demonstration. 
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Use of ellipta™ DPI to deliver UMeC/VI in COPD After 6 weeks of use, 99% of patients were still using the Ellipta™ DPI correctly. Provision of a dose counter as a feature of inhaler design can help patients be aware when to seek a new inhaler, an important attribute for maintenance medication. In our studies, the majority (99%) of patients found the Ellipta™ DPI dose counter to be easy/very easy to read. Our results concur with a previous qualitative study conducted in patients with asthma and COPD, in which patients (n=75) reported high levels of satisfaction with the Ellipta™ DPI, describing it as straightforward to operate and easy to use. 19 When interviewed, patients favored the size and mouthpiece fit over other inhalers. 19 Dose counter visibility, simplicity of operation, and ease of use were also apparent drivers for patient preference over Diskus ® , HandiHaler ® , and various metered dose inhalers. 19 In the three active comparator studies, patients expressed preference for the Ellipta™ DPI over the HandiHaler ® regardless of whether the preferred inhaler contained active drug or placebo. These findings suggest independence from the efficacy outcomes reported in these studies, as the administration of placebo or three different active bronchodilator therapies via the Ellipta™ DPI did not impact the preference for this inhaler versus the HandiHaler ® . Several other factors are known to influence treatment compliance in COPD, for example, suboptimal inhaler technique can result in poor disease control. 4, 23, 24 Furthermore, if an inhaler is simple to use, patients are more likely to adhere to treatment regimens. 2 Nonintentional noncompliance, that is, if a patient unknowingly makes mistakes during treatment administration, can be minimized by using easy-to-use 
Notes:
a about 22 patients from Canada were excluded from these analyses, as they were not included in the inhaler preference part of the studies; one patient was randomized but did not receive study treatment or take part in the test. N is the number of patients in the total population; n is the number of patients with analyzable data at the current time point. Abbreviation: ITT, intent-to-treat. (16) 52 (13) 251 (15) no preference 269 (22) 92 (23) 361 (22) Notes: n is the number of patients in the total population; n is the number of patients with analyzable data at the current time point. *This group includes patients receiving UMeC/VI, UMeC, or VI. Abbreviations: COPD, chronic obstructive pulmonary disease; ITT, intentto-treat; UMeC/VI, umeclidinium/vilanterol; UMeC, umeclidinium; VI, vilanterol.
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riley et al inhalers and a less complex, easy-to-follow treatment regimen. 2, 24, 25 The ability to provide single (UMEC) and dual therapies (FF/VI and UMEC/VI) using the Ellipta™ DPI supports this simplification. Intentional noncompliance with therapy, where a patient chooses to abstain from taking treatment, is less easily addressed by inhaler design alone although characteristics, such as shape, dimension, and cost may impact patient attitudes in taking treatment. 2, 25 Patients with COPD are a medically diverse group with variations in lung function, lifestyle, comorbidities, and intellectual ability impacting treatment choice and adherence. 26 Patients with COPD tend to be older than their asthma counterparts and therefore more likely to have physical and cognitive impairments that may affect their ability to use an inhaler. Furthermore, these patients are more likely to have comorbid conditions and, therefore, take multiple medications, 4, 24, 26 further highlighting the need for a simple treatment regimen with minimal number of inhalers. Other key factors relating to inhaler "misuse" include level of education and quality of instruction. 23, 24 Patient training often needs to be repeated in order to maintain correct inhaler technique. 3 The results from the five assessed Phase III studies indicated that it was easy to learn and maintain the correct technique to deliver UMEC/ VI using the Ellipta™ DPI. Although these studies included correct use of inhaler assessments and patient questionnaires, no direct measurement of inhaler technique was performed.
Patient satisfaction with and preference for a specific inhaler can also impact adherence to therapy and consequently impact on long-term outcomes. 4, 5, 25, 27, 28 Inhaler preference is now a recognized and valid patient-reported outcome for inclusion in clinical trials involving aerosolized medicines where a double-dummy design is used. 25, 27, 28 However, a general lack of precision in measuring inhaler preference has been reported. 28 Instruments, such as nonvalidated questionnaires and response scales, and questionnaires developed without input from relevant patients or psychometric testing have been commonly used, 28 which may lead to increased variability in results. Validated questionnaires are now being developed, although the Patient Satisfaction and Preference Questionnaire is currently the only one with published validation. 28 Measures of patient preference can only be obtained where study design provides patients' experience of the use of both inhalers requiring a double-dummy or crossover design. In these studies, the attributes of each inhaler to be compared need to be taken into account. Attributes that may be affected by any blinding process were not compared, to make the findings as generalizable as possible to routine clinical practice.
Participant feedback on the recently developed CDPQ used in three of our studies suggests that the questionnaire items represent the most important concepts in determining COPD inhaler preference relating to ease of use concepts from the patient perspective. 22 Furthermore, confirmation was obtained during its development that the final wording of the instructions, the items, and their responses were well understood by the patients with COPD, thus providing evidence that the questionnaire adequately and appropriately assessed DPI preference in patients with COPD relating to ease of use. 22 These results were consistent across the three active comparator studies and show a preference for the Ellipta™ DPI over the HandiHaler ® . The Ellipta™ DPI was not available in clinical practice at the time of the trials; hence, there was a possibility that patient familiarity with the HandiHaler ® may have biased patient preference in favor of the HandiHaler ® , although this was not assessed in these Phase III studies. Furthermore, the Ellipta™ DPI enables multiple dosage and does not require dose preparation, two factors known to have the greatest influence on patient preference. 25 Treatment compliance was high in all five studies, and this is to be expected under the controlled environment of a clinical trial. However, compliance was assessed by dose counter or dose counting and no electronic registration of dosing was performed in these studies, which could be a limitation, and the usability of the Ellipta™ DPI should also be tested in the real-life setting of clinical practice.
Conclusion
The majority of patients with COPD in these Phase III studies found the Ellipta™ DPI easy to use. In addition, the majority of patients expressed a preference for the Ellipta™ DPI over the HandiHaler ® , potentially improving patient compliance and outcomes. Further assessment is warranted to determine whether this holds true in the clinical setting.
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Supplementary materials Methods active comparator studies
In the three active comparator studies, a double-dummy design (described previously 1, 2 ) was used for dosing, whereby patients were given two inhalers, one containing active drug and the other placebo. All the patients and physicians were masked to assigned treatment during these studies; however, the tiotropium (TIO) capsules had trade markings that were not present on the placebo capsules, although they were closely matched in color. 1, 2 Both the TIO and placebo blister packages were covered with opaque overlabels in order to hide the information on the TIO packaging. The HandiHaler ® dry powder inhalers were also covered with labels to mask the identifying marks on the inhaler.
As the Phase IIIa studies were of parallel-group design, the capsule type was consistent for each patient for the duration of each of these studies. 
